Introduction
============

Ovarian cancer is the fifth leading cause of cancer deaths among women in the Western world and has the highest mortality rate of all gynaecological cancers \[[@b1]\]. The poor survival from epithelial ovarian cancer (EOC) is due to the high percentage of patients diagnosed at an advanced stage who often develop resistance to combined chemotherapy and show substantially poor prognosis. Obviously, improved screening programs to detect cancers at an early-stage and more effective treatments for advanced disease are urgently required. Unfortunately, although efforts have been made in the last several decades towards discovering new serum biomarkers and therapeutic strategies such as gene therapy, analysis of trends in overall 5-year survival rates for women with ovarian cancer indicates only modest improvements for women diagnosed between 1996 and 2004, compared to the 1970s and 1980s \[[@b1]\]. Moreover, the complexity of diagnosis and treatment of ovarian cancer is further complicated by the significant heterogeneity within the EOC group. Histologically defined subgroups, such as serous, mucinous, endometrioid and clear cell carcinomas, all have variable clinical manifestations and underlying molecular genetic events \[[@b2]\]. However, it remains unclear what genetic elements direct the differentiation of ovarian epithelial cells. Thus, one of the greatest impediments to improving outcome is an incomplete understanding of the molecular underpinnings of ovarian cancer pathogenesis and progression. Although focusing on known genes has already yielded some valuable information, a recently discovered class of small RNAs, termed microRNAs (miRNAs), may lend insight into the biology of ovarian cancer.

miRNAs are single-stranded, evolutionarily conserved, small (17∼25 ribonucleotides) non-coding RNAs. They have been demonstrated to play important roles in essential processes, such as differentiation, cell growth, stress response and cell death, and are involved in several human diseases, including cancer. miRNAs have been shown to repress the expression of important cancer-related genes and can function as both tumour suppressors and oncogenes \[[@b3]\]. Increasing amounts of experimental evidence have shown that miRNAs are aberrantly expressed in ovarian cancer and can be associated with tumour chemo-resistance and clinical outcomes, indicating that miRNAs may be involved in ovarian tumorigenesis and cancer progression. Here we will review recent progress in understanding the functions of miRNAs in ovarian cancer. We will also discuss their possible use as markers of diagnosis and prognosis, and eventually as new targets or tools of a specific therapy.

Aberrant expression of miRNAs in ovarian cancer
===============================================

Altogether eight groups \[[@b4]--[@b11]\] have investigated the expression profiles of miRNAs in relatively large (range *n*= 10--93) clinical ovarian cancer samples compared to normal ovarian tissues, ovarian epithelial cell lines, or fallopian tubes. The first detailed report was published by Zhang *et al*., who used an array comparative genomic hybridization approach to identify miRNA loci gained/lost in 93 primary ovarian cancer tissues and 16 cell lines. They determined that 37.1% (105/283) of the miRNA loci in the cancer tissues to be significantly altered in their copy number. Of these, 52% (55/105) had a gain in copy number, and 48% (50/105) had a loss in copy number \[[@b4]\]. Other studies have since addressed this issue at the transcriptional level by microarray profiling experiments or massive parallel pyrosequencing. Although all of these studies resulted in both up- and down-regulated miRNA patterns, miRNA down-regulation was more prominent during tumour progression, especially in late-stage and high-grade (HG) EOC \[[@b5]\]. Despite a great inconsistency between the de-regulated miRNA patterns of these studies, several miRNAs were identified as aberrantly expressed by more than one study (See Tables S1 and S2), suggesting that they are likely involved in ovarian tumorigenesis.

Among these consensus de-regulated miRNAs, several are well-known onco-miRNAs (miRNAs with oncogenic or tumour suppressive functions \[[@b3]\]), such as miR-20a, miR-106b, miR-143, miR-145, miR-125b and the let-7 family of miRNAs. Interestingly, epithelial-to-mesenchymal transition (EMT) regulating miRNAs, including the miR-200 family and miR-205 \[[@b12]\], show significant up-regulation in ovarian cancer tissues, suggesting that they may play an unique role in ovarian cancer initiation or progression (discussed later). Other miRNAs may have tumour inhibitory effects. For example, connective tissue growth factor, a verified target of miR-30 \[[@b13]\], was shown to be down-regulated in ovarian cancer \[[@b14], [@b15]\] and to inhibit cancer cell invasion \[[@b15]\]. Finally, several miRNAs such as miR-214, miR-199 and miR-16 have shown both down- and up-regulation in these studies. This may be due to the heterogeneity of ovarian cancer, as partly evidenced by Mor and colleagues \[[@b16]\] who showed that miR-199a was down-regulated in type I EOC cells which can constitutively secrete pro-tumour cytokines compared with type II EOC cells which do not. For other miRNAs, such as miR-99a, relatively little is known, and their potential roles in ovarian cancer warrant further investigation.

As EOC is a highly heterogeneous disease, it is of special interest to determine whether alterations in particular miRNAs are correlated with particular ovarian subtypes. In fact, although some miRNAs are conserved between EOC subtypes, there are pools of miRNAs that are specifically de-regulated in just one subtype. For example, miR-449a is serous specific, miR-499--5p/miR-375/ miR196a/miR-196b/miR-182 are endometrioid specific, and miR-486--5p/miR-144/miR-30a/miR-199a-5p are clear cell specific \[[@b9]\]. These subtype-specific miRNA patterns indicate their potential as new biomarkers for EOC subtype. Additionally, as miRNAs are key regulators of cell differentiation, we could hypothesize that the EOC subtype may be partly mediated by specific miRNA. For example, miR-196b, which can regulate multiple HOX genes and has a central role in posterior prevalence \[[@b17]\], is a consensus miRNA specifically de-regulated in endometrioid carcinoma \[[@b6], [@b9]\]. Because HOX genes play a central role in EOC subtype determination \[[@b18]\], we can speculate that miR-196b may also participate in EOC subtype differentiation, although further studies are needed to verify this hypothesis.

As mentioned above, there is a great discrepancy between the results of these miRNA profiles in cancer. Several major reasons, in addition to the application of different microarray platforms, technique or analytical tools, contribute to the disagreement. First, the normal control tissues utilized were different. Several groups used normal ovarian tissues \[[@b6], [@b7]\], while others used human immortalized ovarian surface epithelial (HIOSE) cell lines \[[@b4], [@b5], [@b8], [@b9], [@b11]\]. Although it was thought that whole ovarian tissue would not be the most appropriate normal control, as the ovary is composed of several cell types, and that the epithelium only represents far less than 1% of the cellular content of the ovarian tissue, the use of an OSE cell line also has drawbacks. Since no commercial HIOSE cell is available, different approaches to establishing an HIOSE cell line may cause changes in miRNA expression. For example, two groups immortalized the OSE cells using HPV-derived viral oncoproteins E6 and E7 \[[@b8]\] or SV40 virus \[[@b11]\]; thus, it is not surprising that these two studies presented inconsistent and even conflict results. Additionally, primary cultured OSE cells \[[@b9]\] and, more recently, fallopian tube tissues \[[@b10]\] have also been used as normal controls. Second, as delineated before, the heterogeneity of EOC makes comparison of these results further difficult. Third, sources of EOC cells may be contaminated with adjacent benign tissue and/or stromal cells which could cause variations in the detected miRNAs. Therefore, accurate microarray analysis of miRNA expression remains a significant challenge. Several methods, including the use of canonical HIOSE normal control, the selection of subtype-specific ovarian cancer tissues and the application of laser-capture microdissection to enrich for the ovarian cancer cells from clinical samples should be helpful in overcoming these problems. Indeed, if identical EOC subtype tissues and normal controls are used, the de-regulated miRNA patterns would show highly consistent results \[[@b6], [@b7]\].

Regulation of microRNAs in ovarian cancer
=========================================

Aberrant expression of miRNAs in human cancer can arise through several mechanisms, including genomic abnormalities, epigenetic factors, transcriptional regulation, mutations and polymorphisms (SNPs), and defects in the miRNA biogenesis machinery \[[@b19]\]. In EOC, the de-regulation of miRNAs can be caused partly by genomic abnormalities, since 37.1% of the genomic loci containing miRNA genes exhibit DNA number alterations by a array comparative genomic hybridization analysis, and miRNA copy number changes correlate with miRNA expression \[[@b4]\]. Epigenetic factors also directly impact miRNA expressions, and demethylating therapy has been shown to reverse hypermethylation and increase miRNA expression in EOC \[[@b5], [@b6]\]. In fact, genomic copy number loss and epigenetic silencing may account for the down-regulation of approximately 15% and at least 36% of miRNAs in advanced ovarian tumours, respectively \[[@b5]\]. In contrast, the overexpression of several miRNAs (miR-21, miR-203, miR-205) *in vivo* was thought to be caused by DNA hypomethylation \[[@b6]\].

Functional genetic mutations in miRNA genes are very rare in EOC, as described by Bearfoot et al. \[[@b20]\], who analysed 10 cancer-implicated miRNA genes for mutations in 90 EOC patients, and found no somatic mutations. Similarly, no miR-16--1 gene mutation were detected in 102 ovarian cancers \[[@b21]\]. However, a functional G to C single nucleotide polymorphism (SNP, rs2910164) within the pre-miR-146a sequence was identified in familial breast/ovarian cancers. The C containing allele increases mature miR-146a levels and creates a stronger match with the 3′-UTR of BRCA1, leading to an earlier age onset of familial breast and ovarian cancers \[[@b22]\].

miRNAs can also be regulated by transcriptional factors in EOC. A well-known example is *p*53, one of the most commonly mutated genes observed in EOC, which can robustly induce miR-34b and miR-34c in OSE cells \[[@b23]\]. Hormones such as oestrogen, progesterone, androgens and gonadotrophins have all been implicated in the aetiology of EOC by initiating and repressing transcription of key genes \[[@b24], [@b25]\]. It is therefore of much interest to elucidate the role of hormonal effects on miRNA expression. The expressions of miR-143, let-7a and miR-15b are under negative control by follicle stimulating hormone (FSH) in the ovary \[[@b26]\]. Additionally, it has been shown that miR-20a and miR-21 are oestrogen-responsive in endometrial stromal cells and leiomyoma smooth muscle cells \[[@b27], [@b28]\]. Given that both of these miRNAs are expressed in the OSE cells \[[@b6]\], these miRNAs may be similarly regulated in these cells.

Mature miRNA biogenesis is dependent on their processing enzymes, including two key RNase III enzymes, Dicer and Drosha \[[@b29]\]. Given that miRNA expressions are globally down-regulated in EOC, it is conceivable that the levels of Dicer and Drosha may also be decreased. However, Drosha or Dicer showed no significant differences \[[@b5]\] or even higher expression levels \[[@b30]\] between ovarian cancer cell lines and IOSE, indicating that the de-regulation of miRNAs in EOC cannot be attributed to the defects in the miRNA biogenesis machinery. In support of this contention, similar mRNA and protein levels of Drosha and Dicer were also found in EOC tumours at different stages, even though global miRNA down-regulation was found in early-stage EOC relative to late-stage EOC \[[@b5]\]. Similarly, Drosha and Dicer expression levels showed no significant difference between primary and recurrent ovarian cancers, although multiple miRNAs were de-regulated \[[@b31]\].

Biological function of miRNAs in epithelial ovarian cancer
==========================================================

The initiation and progression of EOC is a complex biological process involving cell de-differentiation and proliferation, angiogenesis, invasion and metastasis. Like other human cancer types, the inactivation of tumour suppressor genes and the activation of oncogenes may be major contributors to this disease. As miRNAs can function either as oncogenes or tumour suppressors, altered expression of miRNAs may contribute to ovarian malignant transformation and subsequent progression. Several EOC-related miRNAs were reported, and various studies have also begun to elucidate the biological significance of some of these miRNAs. Here, we summarize the available information on the function of specific miRNAs in EOC.

Down-regulation of let-7: an early event during EOC initiation
--------------------------------------------------------------

Let-7 is the consensus miRNA down-regulated in almost all the expression profile studies in EOC \[[@b4]--[@b11]\]. The let-7 family is comprised 12 family members located on 8 different chromosomes with identical seed sequences \[[@b32]\]. As a ubiquitously expressed miRNA, let-7 has been shown to be a global regulator of cellular differentiation. Identified let-7 targets include a series of early embroyonic genes such as HMAG2, Mlin-41 and IMP-1 \[[@b33]\]. A high level of let-7 can permanently repress these genes and maintain the 'differentiated' status in the adult organism. As the early phase of carcinogenesis resembles embryonic development, often involving the re-expression of embryonic mesenchymal genes, it is reasonable that the de-differentiation of cancer cells caused by the reduction of let-7 is an early event in carcinogenesis \[[@b34]\]. This is further evidenced by the fact that the expression of the let-7 target gene, HMGA2, is higher in primary EOC tissues, but shows no difference between primary and metastastic sites \[[@b32]\].

A puzzle in EOC carcinogenesis is the apparent 'differentiating up' instead of 'de-differentiation', as EOCs morphologically resemble more committed epithelial phenotypes compared to uncommitted OSE cells \[[@b35]\]. This paradox has prompted the hypothesis which argues that EOCs may stem from the secondary mullerian system or the fallopian tube instead of OSE cells \[[@b36]\]. However, there is no direct experimental evidence to support this hypothesis. Recently, putative ovarian tumour initiating cells were found by several investigators \[[@b37]--[@b39]\] that lead to the hypothesis that the 'differentiating up' of EOCs is actually an example of aberrant recapitulation by tumours of organogenesis \[[@b35]\]. EOCs may arise from pluripotent ovarian tumour cells and differentiate along different lineages to form multiple cell subtypes resembling those of the specialized epithelia of the reproductive tract. Although it is not clear as to the origination of these so-called ovarian cancer stem cells, it is plausible that the loss of let-7 leads to a continuum of progressive de-differentiation, resulting in a cell at the end-point that has stem cell-like properties. In fact, it has been shown that let-7 can regulate stem cell-like properties of breast tumour-initiating cells through its target genes, HMGA2 and K-ras \[[@b40]\].

Multiple miRNAs as modulators of ovarian cancer cell proliferation
------------------------------------------------------------------

Multiple miRNAs may impact cancer cell proliferation and apoptosis during EOC initiation. The down-regulation of miR-143 \[[@b6], [@b7], [@b10]\] may promote cell proliferation *via* activation of the growth promoting proteins mitogen-activated protein kinase 7 (MAPK7) \[[@b41], [@b42]\] and KRAS \[[@b43]\], while the loss of miR-125a/b activity \[[@b6], [@b7], [@b11]\] may inhibit cell apoptosis by elevating ERBB2 levels \[[@b44]\], which are often seen in HG serous tumours. miR-21 \[[@b7], [@b10]\] and miR-214 \[[@b8], [@b9], [@b11]\], overexpressed in EOC, may suppress phosphatase and tensin homologue (PTEN) activity \[[@b11], [@b45]\] in endometroid cancer, while up-regulation of miR-106 \[[@b4], [@b9], [@b10]\] and miR-20a \[[@b7], [@b9], [@b10]\] may promote cell growth by targeting p21/CDKN1A \[[@b46], [@b47]\]. Additionally, miR-34s, which are induced by p53, had been shown to promote cell cycle arrest, apoptosis and senescence by repression of multiple target genes such as Bcl-2, Cdk4 and CCDN1 \[[@b23]\]. This is of particular importance as p53 mutation is one of the most common genetic alterations observed in EOC, especially in HG serous tumours \[[@b48]\]. However, reduction in miR-34s may also be caused by a p53-independent mechanism in low-grade (LG) serous tumours. For example, miR-34a is located in 1p36, a locus that is frequently deleted in LG serous tumours \[[@b49]\]. Moreover, miR-34a was shown to be up-regulated by ELK-1 during BRAF induced senescence \[[@b50]\], and mutation in BRAF has been described in 30∼50% of LG serous tumours \[[@b48]\]. Thus, the loss of miR-34s could be one of the mechanisms used by both LG and HG ovarian cancer cells to escape the control of a functioning p53 and BRAF and to survive oncogenic stimuli.

miR-199a and miR-9: link between tumour progression and chronic inflammation
----------------------------------------------------------------------------

miR-9 is expressed at a low level in ovarian cancer tissues \[[@b6], [@b51]\]. miR-9 can directly target NF-κB1, which is up-regulated in ovarian cancer \[[@b51]\]. In contrast, miR-199a can inhibit NF-κB activity through suppression of its upstream activator, IKKβ\[[@b16]\]. Suitably, miR-199a is also frequently de-regulated in EOC \[[@b6], [@b8]\].

Inflammation accompanying each ovulation event can stress OSE cells such that they are disposed to genetic damage \[[@b52]\]. Inflammatory processes can also promote cancer progression through the production of multiple cytokines and chemokines \[[@b53]\]. As NF-κB has a central role in the inflammatory response \[[@b53]\], it is possible that reduced expression of miR-199a and miR-9 work synergistically to promote an inflammatory environment by up-regulating NF-κB protein levels, leading to ovarian cancer initiation and progression. In fact, it has been demonstrated that ovarian cancer cells with low miR-199a expression have the capacity to constitutively secrete pro-inflammatory cytokines \[[@b16]\]. Moreover, another important pro-inflammatory factor, COX-2, is known to be suppressed by miR-199a\*\[[@b54]\]. This further highlights the importance of miR-199a in the inflammatory response.

HIF-miR-210 promotes cell adaptation during hypoxia
---------------------------------------------------

Hypoxia is a common feature of pathological conditions such as inflammation and solid tumours. Multiple hypoxic responses impacting cell survival are mediated through hypoxia-inducible transcription factors (HIFs). HIFs, along with transcriptional cofactors, bind to hypoxia response elements, modulating the expression of multiple target genes, including miRNAs important for angiogenesis and cell survival \[[@b55]\]. Among the 'hypoxia-responsive' miRNAs, miR-210 has been reported to be the most prominent and consistent in ovarian cancer \[[@b56]\]. E2F transcription factor 3 (E2F3), a key protein in cell cycle, was directly targeted by miR-210 in EOC \[[@b56]\]. Further studies indicated there are up to 50 potential target genes for miR-210, a majority of which are implicated in adaptation and cell survival under hypoxic stress \[[@b57]\]. Thus, hypoxia-mediated induction of miR-210 modulates the expression of genes promoting cell survival during stress, followed by tumour progression under favourable conditions.

In addition to miR-210, other miRNAs may participate in the hypoxia response by promoting tumour neo-angiogenesis. For example, the overexpression of miR-19a in ovarian cancer \[[@b9]\] can promote angiogenesis by directly repressing the anti-angiogenic factor TSP-1 \[[@b58]\].

miR-200 is a dynamic regulator during the transcoelomic metastasis of EOC
-------------------------------------------------------------------------

The miR-200 family genes, which include 5 members (miR-200a, miR-200b, miR-200c, miR-141 and miR-429) located within two clusters on separate chromosomes, was recently identified as both a marker and a powerful regulator of EMT by targeting two E box binding transcription factors, ZEB1 and ZEB2, both of which are key regulators of the expression of E-cadherin \[[@b59]\].

The most common route of metastasis from EOC occurs *via* the transcoelomic route. During the transcoelomic journey, tumour cells undergo EMT, detach from the primary tumour mass, and form spheroids in the ascetic fluid before they ultimately implant on the peritoneum \[[@b60]\]. miR-200 appears to be one of the critical molecular players during this process. The miR-200 family is a key regulator of EMT \[[@b12], [@b61]\], and miR-200c expression correlates with E-cadherin expression in ovarian cancer tissues \[[@b61]\], which mediate cell-to-cell adhesion. Metastasis-prone tumour cells also form highly polarized epithelial spheres in three dimensional cultures, while forcing expression of miR-200 abrogates the capacity of these cells to form spheroids and metastasis \[[@b62]\]. Although the expression of the miR-200 family miRNAs in ascites cells has not yet been examined, miR-200 expression was higher in stage I EOC compared to stage III EOC \[[@b63]\], indicating a down-regulation of miR-200 before tumour metastasis. Moreover, it has also been shown that the mir-200 target, ZEB2, was expressed in cells isolated from effusions \[[@b64], [@b65]\].

Although there is clear evidence showing the miR-200 family to be metastasis suppressive, their expression in EOC is complex. miR-200s have been reported to be up-regulated \[[@b6], [@b7], [@b9]--[@b11], [@b66]\], down-regulated \[[@b8]\] or even unchanged \[[@b5]\] in EOC. This discrepancy may partly be due to technical issues, as whole ovaries were used as normal controls in some studies, and the majority of the cells within ovaries are stromal cells which lack miR-200 expression \[[@b61]\]. However, it is more likely that miR-200 could be both up- and down-regulated during EOC progression. miR-200 may be down-regulated early when cancer cells acquire invasive behaviour, but may also be up-regulated again during the re-epithelialization of distal metastases when cells undergo mesenchymal-to-epithelial transition. Such stage specific regulation of miR-200 was partly demonstrated in a multistep tumorigenesis model, which showed that miR-200 began to be strongly down-regulated only when tumour progressed to metastasis \[[@b67]\]. Although direct evidence for miR-200 re-expression in metastastic sites is lacking, E-cadherin expression, which positively correlates with miR-200, is significantly increased in metastatic ovarian tumours compared with their primary tumours \[[@b68]\].

A proposed model for miRNA roles in ovarian cancer initiation and progression
-----------------------------------------------------------------------------

miRNAs are implicated in different steps of ovarian tumorigenesis and progression. Ovarian cancer stem cells may be initially transformed from the normal stem cells, progenitor cells, or even mature, differentiated cells. This process is characterized by the reduction of let-7, which can repress multiple embryonic genes and maintain a 'differentiated' status \[[@b34]\], and the down-regulation of miR-200, which regulates EMT and represses stemness \[[@b69], [@b70]\]. The de-differentiated cancer stem cells may then proceed along different pathways: the HG pathway, which shows more aggressive phenotypes, and the LG pathway. Different miRNAs may act as important regulators during this process. For example, let-7 and miR-200 re-expression may occur in the LG pathway, resulting in cancer cells characteristic of the epithelial phenotype. However, let-7 and miR-200 may remain lowly expressed in mesenchymal HG tumours \[[@b71]\]. miR-143 and miR-21/miR-214, may be involved in the LG pathway by targeting K-ras \[[@b43]\] and PTEN \[[@b11], [@b45]\], which are frequently mutated in LG serous tumours \[[@b48]\]. Meanwhile, miR-125b and miR-146a may play a role in the HG grade pathway by repressing ERBB2 \[[@b41]\] and BRCA1 \[[@b22]\]. During ovarian cancer progression, miRNAs may facilitate tumour growth by promoting infiltration of inflammatory cells and inducing tumour angiogenesis or promoting cell adaptation during hypoxia. The dynamic expression of miR-200, which regulates EMT, may cause transcoelomic metastasis and ultimately macrometastasis formation of ovarian cancer. Therefore, multiple de-regulated miRNAs work synergistically during the initiation and multi-step progression of ovarian cancer. [Figure 1](#fig01){ref-type="fig"} illustrates the proposed involvement of miRNAs in this complicated process.

![Biological function of miRNAs in EOC. In our proposed model for ovarian cancer development, EOC progresses through a process of de-differentiation, cell proliferation, angiogenesis and inflammation, transcoelomic metastasis, disaggregation and re-epithelization, and macromatasis formation. Let-7 may act as an important regulator of de-differentiation during ovarian tumour-initiating cells formation by targeting multiple oncofetal genes. Another key 'stemness'-repressive miRNA, miR-200 may also down-regulated in this process. The de-differentiated cells may proceed along two pathways: the HG pathway, which showed more aggressive phenotypes, and the LG pathway. Different miRNAs may act as important regulators during this process. Let-7 and miR-200 re-expression may occur in the LG pathway, resulting in cancer cells characteristic of the epithelial phenotype. However, let-7 and miR-200 may remain lowly expressed in mesenchymal HG tumours. miR-21, miR-214, miR-143 may be involved in the LG pathway by targeting PTEN and K-ras, while miR-125b and miR-146a may play a role in the HG pathway by repressing ERBB2 and BRCA1. In addition, other miRNAs, such as miR-20a and miR-106b, may affect cell proliferation and apoptosis in both pathways. Subsequently, multiple miRNAs may play a role in chronic inflammation and angiogenesis, which are two main processes facilitating ovarian cancer progression. The dynamic expression of miR-200c, which regulates EMT, may cause transcoelomic metastasis and ultimately macrometastasis formation of ovarian cancer.](jcmm0014-2240-f1){#fig01}

miRNA as diagnostic and prognostic tools in ovarian cancer
==========================================================

In EOC, early-stage diagnosis is very difficult due to its insidious asymptomatic nature in early onset and the lack of sensitive and specific biomarkers. Until now mRNA or protein profiling in order to find ideal biomarkers has not achieved satisfying results. However, miRNA expression profiles seem to be a promising method, since profiling a few hundred miRNAs would have stronger predictive power for cancer diagnosis than profiling several tens of thousands of mRNAs or proteins \[[@b72]\]. In fact, a list of 29 miRNAs is able to classify breast tumours and normal tissues with an accuracy of 100%\[[@b73]\]. As mentioned above, multiple studies showed distinctive miRNA signatures of EOC tissues compared with that of the OSE, and several consensus miRNAs characteristic of EOC were also found. These results suggest the possibility of discovering the combination of certain miRNAs that would represent a reliable biomarker for detection of ovarian cancer.

Serum biomarkers in EOC are important because they can be used as a screening strategy for ovarian cancer. Recent studies have shown that tumour-derived miRNAs are present in human serum in remarkable stable form and are protected from endogeneous ribonuclease activity \[[@b74]\]. The levels of plasma and serum miRNAs correlate strongly, suggesting that either plasma or serum can be used for investigation of these blood-based biomarkers \[[@b75]\]. Circulating miRNAs have been shown to be highly predictive of malignancy in colorectal cancer \[[@b76]\], diffuse large B cell lymphoma \[[@b77]\], and prostate cancer patients \[[@b74]\]. In ovarian cancer, it was demonstrated that eight miRNAs were differently expressed between normal and patient serum. Moreover, three miRNAs were overexpressed in three patients with normal pre-operative CA-125. This result highlighted the potential utility of these serum miRNAs as biomarkers, especially combined with Ca-125 \[[@b78]\]. Another study, focused on the circulating tumour exosomes of ovarian cancer patients, revealed a high correlation between the miRNA signature of exosomes and the primary tumour. More importantly, exosomal miRNA profiles were significantly distinct from that in benign disease and could not be detected in normal controls \[[@b79]\]. Altogether, these pilot results suggest that miRNA profiling, either of circulating tumour exosomes or patient sera, could potentially be used as diagnostic biomarkers.

miRNA profiles have been shown to be correlated with disease outcome in chronic lymphocytic leukaemia \[[@b80]\], lung cancer \[[@b81]\], breast cancer \[[@b82]\], colorectal cancer \[[@b83]\] and pancreatic cancer \[[@b84]\]. In ovarian cancer, the loss of let-7 and high expression of its target (HMGA2/let-7 ratio) was associated with unfavourable prognosis of ovarian cancer \[[@b32]\]. Similarly, reduced let-7i expression significantly increased the chemoresistance of ovarian cancer cells and was associated with the shorter progression-free survival \[[@b85]\]. More recently the prognostic value of miRNAs was studied by performing miRNA expression profiling analysis of 55 advanced ovarian tumours and correlating their expression level with cancer outcome \[[@b86]\]. Among the 96 cancer-related miRNAs, miR-200a was significantly associated with cancer survival. Elevated expression of miR-200 miRNAs predicted favourable outcomes \[[@b86]\]. However, inconsistent result was obtained by another group, who showed that tumours with higher miR-200a expression had poorer prognosis \[[@b7]\]. Moreover, miR-9 and miR-223 has been shown to be correlated with ovarian cancer recurrence \[[@b31]\], which greatly impacts patient outcomes. These results suggest that miRNAs can be potentially important as biomarkers of EOC prognosis and provide evidence for tailored therapy.

Therapeutic potential of miRNAs in ovarian cancer
=================================================

The potential usefulness of a miRNA-based therapy in cancer has been exploited by different approaches to increase or decrease expression of different miRNAs. For oncogenic miRNAs, miRNAs can be silenced by antisense oligonucleotides and antagomirs (synthetic analogues of miRNAs) \[[@b87], [@b88]\]. For tumour suppressive miRNAs, overexpression of miRNAs can be induced by using synthetic miRNA mimics, chemically modified oligonucleotides \[[@b89]\], or adeno-associated virus based vector system \[[@b90]\]. The major advantage of miRNA based therapy is that a single miRNA can have roles in multiple aspects of cellular physiology; thus, the function of several pathways could be restored by a single hit. For example, ectopic expression of only miR-26a can potently suppress liver tumorigenesis *in vivo*\[[@b90]\].

Several preliminary studies have demonstrated that EOC related miRNAs may be potential targets in ovarian cancer therapy. Overexpression of miR-34b and miR-34c can reduce proliferation and adhesion-independent growth of ovarian cancer cells *in vitro*\[[@b23]\]. Restoring miR-9 expression in the ovarian clear cancer cell line ES-2 can suppress cell growth \[[@b51]\]. Moreover, miRNAs involved in specific networks, such as the PTEN/Akt pathway, could likely influence the response to chemotherapy. For example, blocking miR-214 expression can up-regulate PTEN and sensitize the ovarian cancer cell A2780CP to cisplatin-induced apoptosis \[[@b11]\]. Forced expression of miR-200c can increase sensitivity to paclitaxel by targeting class III β-tubulin, whose expression is a common mechanism of resistance to microtubule-binding chemotherapeutic agents \[[@b91]\]. In fact, several reports indicate that ovarian cancer drug resistance is associated with a distinct miRNA fingerprint \[[@b63], [@b92], [@b93]\]. A seven-miRNA signature (up-regulated: miR-27a, miR-23a, miR-30c, let-7g, miR-199a-3p; down-regulated: miR-378 and miR-625) was representative of platinum-resistance \[[@b63]\], while down-regulation of three miRNAs (miR-30c, miR-130a, miR-335) suggested chemoresistance to platinum and paclitaxel \[[@b93]\]. Chemoresistance to platinum-based drugs coupled with paclitaxel is the main limitation to successful treatment of advanced ovarian cancer. Thus, miRNAs can be used as both a potential therapeutic tool for modulating the response to chemotherapy for ovarian cancer, and a prognostic tool to monitor the outcome.

Conclusions
===========

The aberrantly expressed miRNAs in EOC have revealed novel mechanisms in ovarian tumorigenesis and progression. Moreover, the miRNA expression profiles in tissues and blood can potentially be used for the detection and surveillance of ovarian cancer. Additionally, miRNAs are implicated in aggressive tumour behaviour and chemotherapy resistance and may be a potentially useful tool for prognostic stratification and tailored therapy. Finally, miRNAs may be targeted by gene therapy to treat EOC. However, the study of miRNAs in EOC is a relatively new area. More efforts are needed to clarify the EOC-related miRNAs by using a uniform technical platform and appropriate normal controls, to elucidate key miRNAs as well as their signal transduction pathways. Such standard protocols and resulting findings will allow us to find ways to manipulate miRNAs for therapeutic benefit in a rational manner, and to validate experimental miRNAs therapy through studies involving different cohorts of patients before they can be introduced into clinical practice.
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